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fphere are four basic circuit con- 
** actions for microwave commun- 
ions systems that are either in 

* or under development: the 
unting of discrete devices on PC 
ards, thick-film MICs, thin-film 

3 and monolithic microwave in- 
w rted circuits (MMICs). Of these, 

* board circuits have the advan- 
ce of low cost but the disadvan- 
je of requiring the largest volume 
(.the four types. Thick-film MICs 
&ng alumina substrates can min- 
^rize circuits, but they lack pre- 

> pattern control. Thuis the thin- 
! ^ICs are used for industrial ap- 
rons since they can satisfy the 
arfds for high reliability, precise 
tteming and good producibility. 
^ugh MMICs are useful for min- 



i paper. 



iaturization and have higfc reliability 
and low dissipation power, they have 
not been put into practical use be- 
cause of their high cost 

\Afe describe in this paper newly 
developed metalized substrates us- 
ing high permittivity dielectric reso- 
nator materials. Their pore sizes 
were reduced to 2 pm average and 
5 /im maximum so that they could be 
covered with high resolution circuit 
patterns. Compared with thin-film 
alumina substrates, they have the 
following advantages and disadvan- 
tages. The advantages are as fol- 
lows: 

• Since they have higher dielectric 
constants, circuits utilizing elec- 
tric length elements (such as 
stubs or filters) are miniaturized. 



• Since they have a temperature 
coefficient of 0 ppmVC, temper- 
ature-stable microstrip line filters 
can be constructed directly on 
the substrata 

The disadvantages are as follows: 

• Thermal conductivity of these 
materials is 1 0 times smaller than 
that of alumina 

• They have flexural strength 50 to 
70 percent that of alumina 

• They are expensive since they 
need surface polishingj. 

Other characteristics (such as sur- 
face roughness, pore size and dis- 
tribution, tensile strength between 
substrate arid metalized elec^od^ 
arid thickness of metalizatfbn) are 
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comparable to those of alumina 
substrates. 

The technique used to join the 
metalized substrate to the metal 
case and reliability test results also 
are reported in this paper, together 
with an example of a filter applica- 
tion. 



Copy 

Properties of High K Materials 

Two kinds of high K materials. 
K=38 and K=88, were used for sub- 
strates. 1 Their electrical and phys- 
ical properties are shown in com- 
parison with high purity AI2O3 ce- 
ramics in Table 1. The Q values of 
these dielectrics theoretically follow 




the following equation at microwas 
frequencies.- 2 

Qo x f = constant 



fig. 1 Photographs of polished surfaces: (a) (Zr.Sn) TiO* K-38, powder pressing method 
and (b) sheeting method; (c) BaO-Pb0-Nd 2 O3-TiO 2 . K-88, powder pressing method; 
and (d) sheeting method 



where Oo=1/tan5. tan6 is the die 
lectric loss and f is the frequency. 

The Qd shown in Table 1 is th 
experimental value measured b 
Hakki and Coleman's dielectric res 
onator method. 3 Density and flexu 
ral strength are the values meas 
ured by using substrates 50 x 5 x Oj 
mm in siza 

Surface Finish 

of High K Substrates 

In order to reduce pore size an< 
the number of pores, the substrate 
were made by a sheeting methot 
using a doctor blade instead of i 
powder pressing method. 

Figure 1 shows photograph: 
of the polished surfaces. Thesi 
photographs were analyzer, 
using an image analysis systen 
(Pias Ca's model LA-555). The pon 
distribution in the surface area o 
25,000 fitn 2 for each sample was an- 
alyzed and the results are shown ir 
Table 2. For a K=38 substrate, bott 
the equivalent pore diameters anc 
the number of pores were reduce* 
greatly by the sheeting method. Foi 
the K=88 substrate, only the numbe 
of pores was reduced. Pore size was 
not noticeably reduced, as it was 
fairly small even by the pressinj 
method Being accompanied by thi 
reduction of the number of pores 
the sheeting method improved ttw 
sintering density off the K=38 sub- 
strate from 5.14 to 5.25 g/cm 3 and 

(Continued on page 120) 
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Fig. 2 Pore distributions of high K substrates: (a) (Zr.Sn) T1O4 and (b) BaO-PbO-Nd 2 OrTiO* 
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'of the K=88 substrate from 5.78 to 
5.82 g/cm 3 . 

Figure 2 shows the pore distribu- 
tions for these samples. It can be 
seen easily that the pores larger 
than 5 pm diminish by using the 
sheeting method on the K=38 sub- 
strate, and that the pore distribution 
remains the same for the K=88 sub- 
strate. The resultant pore diameters 
are about 2 (average) and 5 jim 
(max) for both the K=38 and K=88 



substrates. Since the surface 
roughness of these substrates is 
larger than 0.2 /im (RJ or 2 /im (Rmax) 
on the as-fired surface, they need to 
be polished for use in thin-film MICs. 
Their polished surface roughness is 
shown in Figure 3. The roughness 
of Ra=0.OlA*m or Rmax=0.09^m is 
comparable to that of the as-fired 
smooth alumina substrates and is 
well-suited for thin-film metalized 
substrates. 



Metalization 

On the polished substrates, an 
underlayer of 300 A of NiCr is de- 
posited by the vacuum evaporation 
technique. The substrates then are 
plated with Au or Cu; the thickness 
of the electrodes is selected from 1 
to 5 Mm depending on the selected 
frequencies of operation. 

Other characteristics of metalized 
substrates are shown in Table 3. The 
[Continued on page 122) 
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• DISTRIBUTION ON SURFACES OF HIGH K SUBSTRATES 
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Impact the Future 



Bell Aerospace currently has these career challenges . 
available at its Niagara Fails Headquarters: 

• RF Design Engineer - BSEE and two 
years' experience in digital design, signal process- 
ing, and communication systems. 

• Antenna Design Engineer — MSEE and 
solid background in electromagnetics, microwaves, 
and phased array antenna design. 

• Antenna Design Engineer — MSEE and 
solid skill in design and testing of microwave com- 
ponents (polarizers , waveguides, etc.) and reflec- 
tive antenna experience. 



Impact your future. For prompt, confidential 
consideration rush your resume, including 
salary history, to: 

Stephen B. Colan 
Professional Recruiter 
ATN-91 
Bell Aerospace TEXTRON 
Post Office Box One 
Buffalo, NY 14240 

U.S. CITIZENSHIP REQUIRED. 

An Ecyua) Opportunity Employer, M/F/H/V. 



Bell Aerospace ESSHZl 

0»vjsiunol Tculfon Inc 

Engineering Systems For Tomorrow. 
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tensile strength between substrate 
and electrode is 2 kg /mm 2 (aver- 
age) and 1 kg/mm 2 (min.). The sur- 
face conductivities were measured 
by the dielectric rod resonator 
method described in reference 3. 
These conductivities have values of 
about 95 percent of the theoretical 
values of gold and copper. The ten- 
sile strength and surface conductiv- 
ities are comparable to those of 
metalized alumina substrates. 

The circuit patterns on the sub- 
strates are defined by photolithog- 
raphy. A mixture of iodine and po- 
tassium iodide solution may be used 
for etching. 

Reliability 

The life test of tensile strength and 
electric characteristics was per- 
formed on the substrates metalized 
with gold. The two test environmen- 
tal conditions were temperatures of 
85°C and 25 percent relative humid- 
ity, and 85°C and 85 percent relative 
humidity. 

Figure 4 shows the results of the 
tensile strength life test The data for 
400 hours aging are now being ob- 
tained. We found that no significant 
deterioration of the tensile strength 
had occurred. Figure 5 shows the 
test samples for the data regarding 
aging of electric characteristics. 
The substrates were metalized with 
gold, and the half-wavelength mi- 
crostrip line resonators with cou- 
pling capacitances were formed on 
them by using photolithographic 
techniques. The result is shown in 



Table 4. The resonant frequencies 
of the samples were 2 GHz. The 
deviations of resonant frequencies 
and unloaded Q values after 1,000 
hours of environmental test were 
found to be less than the measuring 
error level, showing that high relia- 
bility can be achieved by these high 
K metalized substrates. 



Application 

Since the effective dielectric con. 
stants of these substrates are four to 
10 times higher than those of alum- 
ina substrates, we can reduce the 
circuh size by a factor of two or three 
by using these substrates. Micro- 
wave circuits such as filters or os- 
[Continued on page 124} 
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Fig. 3 Surface roughness of polished high K substrates: (a) (Zr.Sn) TIO* K=38; 
and (b) Ba0-PbO-Nd 2 0 3 -TiO 2 . K-88. 



pm DIODE PHASE SHIFTERS... FROM 



OUR DESIGNS FEATURE: 
Center frequency from 300MHzto 18GHz 
Up to 6-brt resolution (5.6° steps) 
Up to octave bandwidth for 3-bit 
and 4-bit units 
More than 30dB carrier 
and sideband suppression 
(serrodyne) 

High-speed TTL control 
Stable alumina microstrip 
construction 

High reliability, 1500 units in 
service in AlQ-135 and ALQ-161 




THE PHASE SHIFTER EXPvKTS 

VECTRONtCS MICROWAVE CORPORATION 
for more than 1 5 years has been in the 
forefront of supplying microstrip PIN 
diode phase shifters and serrodyne 
translators. Our optimized designs 
meet the requirements of common 
air traffic control, radar, telemetry, 
communications and ECM bands. We 
are experts in converting special phase 
shifter requirements into practical designs 
quickly and economically, using proven technology. 



113 LINCOLN BOULEVARD. MIDDLESEX, N J. 08846 
(201) 356-2377 TELEX: 833560 FAX: (201) 356-6782 
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Fig. 4 Tensile strength after 400 hours of environmental test (n»5): (a) high temperature life test (85*C); and 
(b) humidity test (85*C. 85 percent relative humidity). 



ciJIators can achieve good temper- 
ature stability since the temperature 
coefficient of these materials can be 
controlled to a level of 0 ppm/'C. 

Figure 6 shows a photograph and 
characteristics of a 1 GHz-band 
bandpass filter for a direct broad- 
casting satellite (DBS) receiver. The 
interdigital filter consisting of seven 
microstrip line resonators was con- 
structed by a photolithography 
technique. A material of K=88 was 
used for the substrate, and the chip 
size was reduced to 8 x 1 7 mm. The 
12 GHz-band bandpass filter for a 
DBS converter, shown in Figure 8, 
was made in the same way. The 



parallel coupled filter consists of 
four microstrip line resohators. 

Because the flexural strength of 
the high K substrate material is lower 
than that of the alumina substrate, 
high K substrates cannot withstand 
the thermal stress resulting from the 
difference of the thermal expansion 
coefficients between substrate and 
metal base, particularly when they 
are soldered to a metal base. One 
solution to this problem is to use a 
conductive adhesive such as Mura- 
ta's CP-3P, which consists of fine 
silver particles suspended in epoxy 
resin and which has a low resistivity 
of 1 0" 4 ohm-cm and tensile strength 



of 100 kg /cm 2 . 
Conclusion 

We have developed metalized 
substrates using high K dielectric 
resonator materials. Their pore 
sizes were reduced to an average of 
2 nm and a maximum of 5 jim. The 
substrates were polished to a sur- 
face roughness of 0.1 and were 
metalized with Au or Cu. Although 
these high K substrates have the 

[Continued on page 126] 



TABLE III 
METAUZATI ON CHARACTERISTICS 



Surface roughness: R a - 0.01 pm, Knm* « 0.09 pm 
Underiayer: NICr thickness = 300 A 
Overtayer. Au or Cu thickness * 1 to 5 pm 
Tensile strength: >1 kg/mm 2 (2 kg/mm 2 average) 
Conductivity: 4.2 ohm^m" 1 for Au; 5.5 ohm" 1 m* 1 tor Cu 




Fig ; 5 Microstrip fine resonators used for 
the life test of electric characteristics. 
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Fig. 6 (a) Photograph and (b) characteristics of a 1 GHz microstrip tine filter. 
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Fig. 7 (a) Photograph and (b) characteristics of a 12 GHz microstrip line filter. 



TABLE IV 

DEVIATIONS AFTER 1000 HOURS OF ENVIRONMENTAL TEST 


Material 


Type of 
Deviation 


Deviation (%) at 
esrc, 20% RH 


Deviation (%) at 
85*C 85% RH 


(Zr,Sn)TK> 4 


Al/f 0 
AQ/Qo 


<0.01 
<0.5 


<0.O1 -v 
<0.5 


BaO-PbO-Nd 2 0 3 -T10 2 


AO/Qo 


<0.01 
<1.0 


<0.01 -'/...I 
<1.0 o 


IniUaf Values: (Zr,Sn) TIO*: f 0 =2321 MHz, Q 0 =123 

BaO-PbO-Nd 2 0 3 -Ti0 2 : f 0 =1654 MHz, O 0 -79 



disadvantage of lower flexural 
strength compared with alumina 
substrates, this disadvantage can 
be overcome by carefully choosing 
adhesives and mounting tech- 
niques. The high K substrate appli- 
cation is beginning to spread in the 
MIC field. 
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